Al-Zn-Mg welding wire is used to weld Al-Zn-Mg plate, microscopic Brinell hardness tester is adopted to test hardness of welded joint in each region before and after heat treatment, mechanical properties of welded joint before and after heat treatment is tested by mechanical testing machine, and metallographic microscope, transmission electron microscope (TEM) are adopted to study the change of metallographic structure, microstructure, and precipitated phase of welded joint in each region before and after heat treatment. The research results show that before heat treatment, hardness of weld center is extremely low, and is purely supersaturated solid solution phase; Some regions in the fusion zone are supersaturated solid solution structure and some regions still have precipitated phase; There is obvious softening in heat affected zone, mechanical performance is only 71% of the parent metal, precipitated phase gathers and grows up, and the common lattice relationship with the substrate is damaged, and the tensile fracture is in the heat affected zone. After heat treatment, precipitated phase distribution of welding pieces in each region is homogeneous and hardness increases; the mechanical properties return to 94% of the parent metal, and the tensile fracture is in the welded joints.
phase before and after heat treatment in weld zone, heat affected zone and fusion line region of the weldment by means of transmission electron microscope (TEM), studies the relationship between the change of the precipitated phase and the TIG welding Al-Zn-Mg plate fracture location and its strength, in order to provide more theoretical reference for TIG welding applications of Al-Zn-Mg alloy.
EXPERIMENTAL
Base materials and welding wire materials used for the test are Al-Zn-Mg alloy, and alloy and solder wire components are as shown in table 1. After solid solution aging treatment, the extrusion plate of substrate alloy is made into the thin plate of 210 mm * 100 mm * 6 mm (length * width * thickness) through cutting and milling, and its tensile strength and yield strength are 510 MPa and 456 MPa respectively, and then argon arc welding is used to conduct the one pass welding along the extrusion direction. Take tensile samples with wire along the direction perpendicular to the weld (Figure 1 ). Samples are divided into two groups, one group has no heat treatment, and another group has postweld heat treatment by 458℃/90min solid solution, 100℃/8h+140℃/10h. Two states of samples use MTS810 for mechanical properties test, and use HBS-62.5 in the direction of the weld cross-section for microhardness test. By grinding, polishing, anode coating is made into metallographic sample, and the observation is conducted on the microstructure of welded joint in different regions on the Leica DM ILM HC metallographic microscope. TEM samples are taken from different areas of welded joints of two states (dotted line position in figure 1), after mechanical polishing reaches 100 μm, mechanical polishing is made from thin film samples in the double-jet spray with the concentration of HNO3, CH3OH=1:2 under the condition of -20℃, and microstructure observation is conducted under the Tecnai G2 20 ST transmission electron microscope. 
Welded joint microhardness distribution
Micro Brinell hardness distribution of Al-Zn-Mg alloy plate weldment is shown in figure 2 . The hardness of welded joint without heat treatment is distributed symmetrically with weld center axis as a pivot. The hardness of the weld center is the lowest, 93 HB. Hardness value gradually rises to about 125 HB and falls again close to the direction of base materials, and there is an obvious low value about 20 mm to 25 mm apart from the weld center, there is an obvious about 106 HB. Keeping moving in the direction of base material, hardness value rises again and reaches 155 HB above, consistent with the base material hardness. Through 458℃/90min solid solution, 100℃/8h+140℃/10h aging, the lowest hardness value of welded point is still the weld center, about 136 HB. Hardness in the heat affected zone is improved obviously, and the hardness 20 mm and 25 mm apart from the weld center is also improved, reaching 160 HB. Hardness value of base material before and after heat treatment basically remains unchanged.
.The tensile properties of welded joint
Tensile test is conducted on the weldment with two states before and after the heat treatment, and the tensile strength of the joints without heat treatment is lower and only reaches 71% of the parent metal strength. After heat treatment, the tensile strength of welded joint is increased to 118 MPa, reaching 94% of the parent metal.
As you can see by figure 3 that the fracture of welding tensile samples (a in figure) without heat treatment is not in the weld center, but it is in the lowest position of the hardness in the heat affected zone (blue dotted box location in figure 2 ). The fracture of welding tensile samples (b in figure) after postweld heat treatment is extended to the fusion zone by the weld center. 
Metallographic microstructure
Metallographic microstructure of the original welded joint on different parts is as shown in figure 4 , and porosity and other welding defects are not observed in the metallograph, with better joint quality. Grain morphology in different regions are obviously different, with uniform microstructure and clear grain boundary in the weld area, isometric crystal with size of about 10μm (Fig. 4-a) . In the region of the weld close to the edge of the fusion line, crystal grain is increased along the direction of heat dissipation, and presents the columnar crystal of epitaxial solidification; Partial recrystallization happens on the part of the heat affected zone near the fusion line; There are fine grain layers with huge numbers of crystal grain with tiny size in the fusion line area between the columnar crystal and heat affected zone; Other parts in the heat affected zone still keep fiber texture similar to base materials. Base materials have no obvious coarsening compared with base material grain ( Metallographic microstructure of the welded joint on different parts after heat treatment is as shown in figure 5 , and crystal grain in each area produces different changes that before heat treatment. Microstructure in the weld area is still homogeneous isometric crystal, and size is slightly increased, about 20-30 microns (Fig.  5-a) . In the region of the weld close to the edge of the fusion line, the columnar crystal is increased, is lengthened to the weld direction along the fusion line in the direction of weld and coarsened; Fine crystal layer is no longer apparent (Fig. 5-b) . The microstructure of heat affected zone and base material is not apparently coarsened ( Figure 5-b, 5-c) . (Fig. 3 -a fracture location of the sample) to conduct TEM analysis, and the result is shown in figure 6 . As you can see, grain interior and grain boundary precipitated phase in the heat affected zone near the fracture before the heat treatment, compared with the base material, becomes very thick. After heat treatment, the precipitated phase is uniform and is diffusely distributed in the grain interior and grain boundary. The HAZ before the heat treatment c)The HAZ after the heat treatment 3.5. The microstructure of weld center and fusion zone TEM microstructure of weld center and fusion zone before and after heat treatment is shown in figure 7 . As seen in figure, weld center before heat treatment is purely supersaturated solid solution structure (Fig. 7-a) ; Part of the microstructures in the fusion zone are purely similar supersaturated solid solution structure, another part of the microstructures have more precipitated phase, and have sub-grain (Fig. 7-c) . After heat treatment, there is a large number of precipitated phase distributed evenly in the microstructure of weld center. (Fig. 7-b) ; The crystal grain in the fusion zone is increased obviously, and there is also a large number of small and dispersed aging precipitated phase (Fig. 7-d) . 
DISCUSSION
The distribution of precipitated phase of welded joint in each region before and after heat treatment, the corresponding hardness control diagram and fracture position are as shown in figure 8, 9. During the welding process, the temperature of heat affected zone (figure 8 blue dotted box) near the fracture is lower than the solid solution temperature of the alloy, but it is much higher than alloy aging temperature; Affected by this, the region of the original peak-aging state continues to experience the aging process, thereby entering the over-aging state, and as a result precipitated phase in the alloy quickly gathers and is increased (Fig. 6-b) . The change causes the substrate coherent relationship is destroyed, so the strength and hardness value in this area reduces. When weldment is stretched, because of the excess weld metal in the metal and fusion zone, fracture occurs in the over-aging area (the fracture location of a sample in figure 3) . After heat treatment, the distribution of precipitated phase of welded joints in each region is as shown in figure 9 . As you can see that welded joints in different regions have undergone the process of solid solution and over-aging after heat treatment, precipitated phase which has gathered and grown up originally in the heat affected zone dissolves the substrate during solid solution, and then is precipitated again during aging, forming the dispersed and uniform strengthening phase (Fig. 6 c) , so the hardness rises to the base material level.
For the weldment before heat treatment, weld center is purely supersaturated solid solution structure ( Fig.  7-a) , so the hardness and strength are very low. After heat treatment, weld center has a large number of strengthening phase precipitated (Fig. 7-b) , so the hardness and strength increase ( the strength reaches 94% of the base material when the weldment after heat treatment has excess weld metal through tensile test).
Fusion zone (Fig. 8, 9 green dotted box) is a transition zone between the weld and heat affected zone. The region temperature reaches the lower limit temperature of liquidus and crystal transformation in the process of welding, so part structures experience the process of melting and solidification. Because the speed from the melting to the solidification is fast, the metallographic structure in the region is very tiny isometric crystal (figure 4-2). As you can see from figure 7-c, there is no precipitated phase basically on one side of the region, while there is precipitated phase on the other side. During the welding process, part substrates solidify quickly in the fusion zone near the weld after melting, and form the as-cast structure of similar supersaturated solid solution (figure 7-c upper right area), so the grain size is small; part substrates close to the heat affected zone (Fig. 7-c lower left area) don;t melt, thus precipitated phase still exists in the substrate; But the precipitated phase dissolves due to the high temperature, so there is very few precipitated phase at the grain boundary. After heat treatment (solid solution and aging), strengthening phase in the partial melting region is precipitated again in the grain interior and grain boundary (Fig. 7-d) , and the strength and hardness increase. Although there is as-cast structure in the partial melting region, the speed from melting to solidification is fast, so the crystal grain of as-cast structure is tiny, better than that of the weld; So the hardness in the region is higher than the weld center after heat treatment.
Because the structure of weld center and part of the fusion zone is the as-cast structure, even if the strengthening phase is precipitated, strength increases, but also with the grain growth (figure 5-a, 5-b), so it is still the weak location of weldment. So the fracture of welding tensile sample after the heat treatment extends to the fusion zone from the weld center (b sample fracture location in figure 3 ).
CONCLUSIONS
Al-Zn-Mg alloy weldment weld center is the supersaturated solid solution structure, the metallographic structure is the isometric crystal of 10μm, and minimum hardness is about 93HB; Some regions in the fusion zone are supersaturated solid solution structure, isometric microstructure is very small isometric crystal, the region close to the heat affected zone area still has precipitated phase, and hardness is 113HB. The precipitated phase gathers and is increased in the heat affected zone about 20-25 mm apart from the weld center, destroying a coherent relationship with the substrate, and hardness reduces, about 106 HB.
After heat treatment, grain in the weld center grows up, precipitating a great deal of dispersed strengthening phase, and hardness increases to 136 HB. Fine granular layer in the fusion zone disappears, also precipitating a great deal of strengthening phase, and hardness also increases; The original thick precipitated phase in the heat affected zone was dispersed and precipitated again after re-dissolution, and hardness returns to the 160HB, consistent with the base material.
Before the heat treatment, because of the reinforcing effect of excess weld metal, the tensile fracture of weldment is in the heat affected zone; After heat treatment, the strength of heat affected zone recovers. Although the strength in the weld center and the fusion zone has increased, because the two regions are as-cast structure, the fracture occurs in the weld center and the fusion zone.
